were purchased from Samtako Company (Osan, Korea), and housed at 20±2°C with 12-h light/dark cycles and a relative humidity of 50±5% (Tecniplast, Varese, Italy) under filtered, pathogen-free air, with food (Purina, Korea) and water available ad libitum. For ER stress model, mice were intraperitoneally injected with a single dose of vehicle or tunicamycin (Tm, 2 mg/kg, for 24-72 h).
Another set of mice received a single dose of vehicle or CCl 4 in corn oil (0.6 ml/kg body weight, i.p.) and were sacrificed 24 h after treatment (an acute liver injury model). Mice were also fed on either a control diet or an alcohol Lieber-DeCarli liquid diet (5%) for 5 weeks (chronic liver injury models). In a separate experiment, mice were intraperitoneally injected with 100 mg/kg PBA (or vehicle) 2 h prior to acetaminophen (500 mg/kg, i.p.) or vehicle treatment, and the liver samples were obtained 6 h later.
For in vivo knockdown experiment, mice were injected with lentiviruses that express control shRNA or shRNA directed against PHLDA3 through tail vein (2x10 7 viruses in 200 L PBS per mouse).
Seven days after the injection, the mice were treated with vehicle or Tm (2 mg/kg, i.p.) and were sacrificed 72 h afterward. Blood and liver tissues were taken from mice, and the samples were then biochemically and histopathologically analyzed.
Immunohistochemistry
The paraffin-embedded tissue sections were deparaffinized with xylene, and rehydrated with alcohols series. Antigen retrieval in the sections was performed in a 37°C incubator for 10 min by proteinase K and was autoclaved for 10 min in a citric acid buffer (10 mM, pH 6.0). After cooling, the endogenous peroxidase activity in the samples was quenched by immersion in 3% H 2 O 2 for 15 min.
Nonspecific antibody binding to the sections was blocked using 10% normal donkey serum. The sections were interacted with anti-PHLDA3 antibody overnight at 4°C, followed by incubation with biotin-SP-conjugated affinity pure donkey anti-rabbit antibody or IgG for 2 h, and were finally mounted with Permount solution. The sections were examined using light microscope (DMRE, Leica
Microsystem, Germany), and images were acquired with Fluoview-II (Soft Imaging System GmbH, Germany) attached on the microscope.
Cell culture
Hepatocytes were isolated from Sprague-Dawley rats weighing ~400 g, as previously described. 
RNA isolation and real-time PCR assays
Total RNA was extracted using Trizol (Invitrogen, Carlsbad, CA), and was reverse-transcribed using oligo-(dT) 16 primers to obtain cDNA. 
Chromatin immunoprecipitation (ChIP) assays
HepG2 cells were treated with Tm for 12 h, and then formaldehyde was added to the cells to a final concentration of 1% for cross-linking of chromatin. The chromatin immunoprecipitation assay was performed according to the ChIP assay kit protocol (Upstate Biotechnology, Lake Placid, NY).
PCR was done using the primers flanking the Xbp1 regions located in the promoter region of human 
Immunoblot analysis
Immunoblot analysis was performed according to the previously published procedures. 5 Cells were centrifuged at 3,000g for 3 min and allowed to swell after the addition of lysis buffer in the ice for 30 min. The lysates were centrifuged at 10,000g for 10 min to obtain supernatants. Proteins of interest in lysates were resolved using polyacrylamide gels and transferred to nitrocellulose membrane. The bands were developed using ECL chemiluminescence system (GE Healthcare, Chalfont St. Giles, Buckinghamshire, UK). Equal loading of proteins was verified by immunoblotting for -actin. At least three samples were used for each experiment.
MTT assays
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) assay was carried out according to the previously published method. 
TUNEL assays
The terminal transferase-mediated dUTP nick-end labeling (TUNEL) assay was done as previously described. 6 The assay was performed using the DeadEnd Colorimetric TUNEL System, according to the manufacturer's instruction. Liver tissues or AML12 cells were fixed with 10% 
Data analysis
Statistically significant differences were assessed by the Student's t-test or one-way analysis of variance tests. For each statistically significant effect of treatment, the Bonferroni's method was used for comparisons between multiple group means. The data were expressed as the mean ± S.E. The criterion for statistical significance was set at P<0.05 or P<0.01.
